ABSTRACT The ability of entomopathogenic nematodes to reduce abundance of subterranean root weevils was evaluated in three small fruit crops of Washington State. In cranberry, the entomopathogenic nematodes Steinernema carpocapsae (Weiser) and S. glaseri Steiner applied at 30 IJ (infective juveniles) per square centimeter reduced abundance of black vine weevil, Otiorhynchus sulcatus (F.), by 96 or 100% respectively compared with the untreated control. According to a waxmoth [Galleria mellonella (L.)] bait bioassay, S. carpocapsae persisted at higher levels than S. glaseri (0.48 versus 0.04% infested waxmoth per applied infective juvenile at 30 d after treatment) and for a longer interval (at least 60 d after treatment), but neither species dispersed beyond the treatment plots. At one of two strawberry sites, S. carpocapsae and Heterorhabditis marelatus Liu OH10 signiÞcantly reduced the abundance of black vine weevil (all stages) and pupal strawberry root weevil, O. ovatus (L.), compared with the untreated control. The same treatments were applied at the other site, but only pupal black vine weevils were signiÞcantly affected. Neither S. carpocapsae nor H. bacteriophora Poinar signiÞ-cantly reduced the abundance of black vine weevil in two trials conducted in red raspberry. Entomopathogenic nematodes were recovered from larval waxmoth Galleria mellonella baits placed on soil from the red raspberry sites 6 wk after treatment. EfÞcacy of entomopathogenic nematodes in all trials was likely most limited by cool soil temperatures that are typical to PaciÞc Northwest small fruit crops during spring when root weevils are in late larval and pupal stages, but soil structure and crop characteristics, particularly dense strawberry foliage and large crowns, were also important.
A COMPLEX OF root weevils composed of black vine weevil, Otiorhynchus sulcatus (F.), strawberry root weevil, O. ovatus (L.), clay colored weevil, O. singularis (L.), and obscure root weevil, Sciopithes obscurus (L.) threaten small fruit crops of the PaciÞc Northwest. These species are parthenogenic in the PaciÞc Northwest and highly fecund. Root weevils reside on many noncultivated plants and continually invade adjacent Þelds of small fruits such as strawberry, red raspberry, cranberry, and blueberry. In strawberry, over a dozen black vine weevil or strawberry root weevil larvae can develop on a single plant within a single season. Plants often die the following year after adult weevil emergence. In cranberry, infestations of over a dozen black vine weevil larvae per square meter create patches of dead or dying vines within a year or two. Red raspberry can tolerate substantially higher levels of root weevil larvae, but adults feed on and contaminate the fruit.
Traditionally, root weevil larvae were managed with drenches of carbofuran, but long-term use sometimes induced the development of a microbial fauna that degraded the compound and rendered it ineffective (Getzin and Shanks 1990) . Nocturnal adults were often treated with conventional organophosphatebased pesticides, but these highly toxic insecticides arguably pose a great safety hazard, as they were sprayed at night by hand. As in many other agricultural crops, the registrations of conventional pesticides are currently under scrutiny according to the Food Quality Protection Act.
Biopesticides based on microbial control agents such as entomopathogenic nematodes and fungi offer a biorational alternative to conventional organophosphate or carbamate classes of insecticides. Initial investigations demonstrated that Steinernema carpocapsae Weiser suppressed O. sulcatus in cranberry (Shanks and Agudelo-Silva 1990) , but high costs, short storage life, and limited availability of commercial product slowed implementation. In recent years, strains of entomopathogenic nematodes of superior searching ability (e.g., Heterorhabditis bacteriophora Poinar, Campbell and Gaugler 1997) and lower temperatures thresholds of activity (e.g., H. marelatus Liu, Berry et al. 1997 ) have become less expensive and more accessible.
The primary objective of the current Þeld studies was to evaluate the efÞcacy of strains, brands, and rates of entomopathogenic nematodes in PaciÞc Northwest cranberry, strawberry, and red raspberry. EfÞcacy is discussed in terms of the entomopathogensÕ ability to reduce abundance of subterranean root weevils under the Þeld and seasonal conditions of the PaciÞc Northwest. The ability of entomopathogenic nematodes to disperse and persist was addressed in two of the six trials. A secondary objective in red raspberry was to test application of entomopathogenic nematodes using a temporary dripline in anticipation of larger scale commercial applications.
Materials and Methods
Study Sites and Experimental Design. The cranberry study was conducted in a formerly commercial bog in the Grayland growing region of the central Washington coast. Pesticides had not been applied for the preceding 2 yr, so the bog was relatively weedy, but cranberry plants were still vigorous except where infested with black vine weevil larvae. Patches of bare ground indicated where black vine weevil larvae had killed plants as emerging adults moved to neighboring plants. A survey was conducted on 30 March to locate areas of high larval infestation more precisely. On 5 May, small circular treatment plots (0.66 m 2 in diameter) were placed at least 90 cm apart in highly infested areas. Treatments were assigned according to a completely randomized design and each treatment was replicated eight times.
The Clark strawberry Þeld was located near Lynden in northwest Washington (Whatcom County) and had sandy soils. The Baker site, located in southwest Washington (Clark County), had sandy/loam soils. Both Þelds were second year plantings of ÔTotemÕ strawberries that were highly infested with black vine weevils and strawberry root weevils. Treatment plots were 2 m long sections of rows arranged randomly within six complete blocks. Each block represented an area of similar infestation level as determined by preapplication samples or visible damage to strawberry plants.
Two experiments featuring similar treatments were conducted at two neighboring red raspberry farms in Whatcom County, WA, during spring 1996. At DeVrieze, plots (two adjacent row sections 4.5 m in length [24 plants]) were arranged within three complete blocks placed noncontiguously in areas of known weevil infestation. At Clark, the treatments were applied to partial rows (27 m) of red raspberry through a temporary overhead dripline. Root weevil density decreased from high levels at the perimeter (Þrst) row to nearly 0 at the 15th row, so rows 2Ð13 were stratiÞed into three blocks of four rows each. Each of the four treatments was randomly assigned to a row within each block.
Nematode Strains, Formulations, and Application. In the cranberry trials, two application rates of S. carpocapsae ÔAll StrainÕ, were compared with a single rate of S. glaseri Steiner and an untreated control. The nematodes were furnished by biosys7 as an experimental "Tea-Bag" formulation no longer being produced. Brießy, infective juvenile (IJ) nematodes were encased in a gel polymer material embedded to a Þne mesh nylon net (the "tea-bag"). When immersed in water, infective juveniles became active with very little mortality. Treatments at the strawberry sites were commercial formulations of S. carpocapsae All Strain (Biosafe, biosys, Palo Alto, CA) and H. bacteriophora HP88 (Cruiser, Ecogen, Lanhome, PA), an unformulated strain of H. marelatus (OH10), and an untreated control. Steinernema. carpocapsae All Strain (Biosafe, biosys) and H. bacteriophora HP88 (Bioxcel, Nematec, Lafayette, CA) were compared at the DeVrieze red raspberry site, with an additional formulation of H. bacteriophora HP88 (Cruiser, Ecogen) applied at the Clark red raspberry site. Application rates ranged within commercial recommendations (29 Ð58 billion IJs/cm 2 ), but a lower rate of H. marelatus was applied at the Baker strawberry site due to a limited supply.
Application dates were targeted for the narrow window typically recommended for optimum performance of entomopathogenic nematodes in the PaciÞc Northwest: after soil temperatures exceeded 14ЊC, the accepted threshold for S. carpocapsae application in western Washington (Antonelli et al.1993 ), but before root weevils emerged as adults. Most black vine weevils at bogs neighboring the cranberry site were in vulnerable late larval and pupal stages by early May and treatments were applied on 6 May 1993. Root weevil lifestage distributions were similar at all other sites on the application date, except the Baker strawberry site, where portions of both black vine weevil and strawberry root weevil populations had advanced to at least the teneral adult stage. Treatment dates in the strawberry trials were 8 May and 15 May 1996 at Clark and Baker, respectively and 7 and 8 May 1996 at the Clark and DeVrieze red raspberry sites. Skies were overcast, raining, or dark during all applications.
At the cranberry site, soil temperatures were recorded at a depth of 7 cm every half-hour by an automatic weather station maintained by Washington State University. Missing soil temperatures were estimated for 26 d in May using multiple regression (adj. r 2 ϭ 0.864) of air temperatures at the Grayland station and from soil and air temperatures from a similar weather station at a cranberry bog in Long Beach, WA, 143 km to the south. Soil temperatures were recorded at the same depths and frequencies at all other sites except the Clark strawberry Þeld using a battery-operated temperature recorder (Hobo Data Logger, Onset Computer, Pocasset, MA). For all trials, formulated nematodes were reconstituted in 4 Ð5 liter distilled water within 2 h of application and kept in suspension with hobbyist aquarium aerators or electronic stirrers. Unformulated H. marelatus were obtained the day before application by collecting infective juveniles every 4 h using White traps (White 1927) as they exited their waxmoth rearing hosts. Nematode concentrations were measured and application rates were set by counting healthy infective juveniles in 0.3-ml aliquots of each suspension and diluting until the average of six consecutive counts varied by less than a standard deviation.
In the cranberry and strawberry trials, entomopathogenic nematodes were applied in 5 liters of water using a sprinkling can. An additional 5 liters of water was applied after application to wash the nematodes from foliage and promote movement into the soil. Total water volume was equivalent to a standard drench recommended by Shanks and Agudelo-Silva (1990) .
At the DeVrieze red raspberry site, nematodes were applied in water (460 liter/ha) using a small portable pump sprayer. A 0.75 m wide hand-held boom was equipped with two large pore (D1) nozzles and suspensions were sprayed at 189 liters/s. Rains immediately after application washed nematodes from the foliage and promoted their movement into the soil. Sprayer effects on the viability and concentration of nematodes were measured by spraying a similar suspension into a bucket and counting number of viable infective juveniles.
At Clark, 12 ϫ 10 6 IJs suspended in 1 liter of water were measured into the temporary dripline line for 40 min using a Mini-Dos (Dosmatic, Inc., Carrollton, TX) water-powered injector. The nematode suspension was stirred by hand during application at least every 10 min. Nematode mortality and uniformity of distribution were measured during four of the 16 applications by collecting Ϸ50 ml of the suspension from emitters at four distances along the dripline and counting number live and dead nematodes in 10 subsamples of three drops each.
Evaluations of Efficacy and Persistence. Plots were sampled 2Ð3 wk after application. At the cranberry site, three 0.3-m 2 sections of matted vines, roots, and soil were removed per plot and the number of weevil larvae, pupae, and teneral adults were immediately counted. Plots were sampled at all other sites using a golf-cup cutter to remove soil cores of consistent size. Four 10-cm-diameter soil cores were sampled per plot at the strawberry site. At DeVrieze red raspberry, four cores were taken from each side of the two adjacent treatment rows within each of the three blocks. At Clark red raspberry, four cores were taken from each side of the treatment row within each of four distance intervals from the point of nematode injection (2.5Ð 6.0, 6.5Ð11, 11.5Ð16, and 16.5Ð25 m); 32 cores per treatment row. Root weevil abundance was compared among treatments using analysis of variance (ANOVA, SPSS 1993) .
At two sites, larval greater waxmoth, Galleria mellonella (L.), bait bioassays were used to measure background nematode levels, nematode persistence, and nematode dispersal. At the cranberry site, four soil cores (1.9 cm diameter by 10 Ð20 cm deep) were taken from each plot the day before treatment and at 1, 30, and 60 DAT. Four additional soil samples were each taken at 30 cm and 90 cm from the plotÕs perimeter at 1 d before treatment (DBT) and at 30 and 60 DAT. The four samples were combined, mixed, and returned to the laboratory in a an iced cooler, and stored at 5ЊC. Within 48 h, a 50-g subsample was moistened and placed in a petri dish with 10 waxmoth larvae. After 5 d, each larva was transferred to 1 of 10 contiguously joined individual plastic compartments. Each tray of 10 compartments was sealed with an impervious paper that becomes sticky when heated with an electric iron (Oliver Product County, Grand Rapids, MI). Each compartment was perforated with six pinholes to allow air circulation. Each tray was furnished with a moistened paper towel to maintain humidity, sealed inside a plastic bag, and placed at constant temperature (20 Ϯ 1ЊC). After 7 d, dead larvae were counted, dissected, and examined for parasitic nematodes.
Waxmoth baits were similarly used to measure nematode persistence in periodic soil samples from the Clark raspberry site: 40 g of soil from each of three standard soil cores (2 cm diameter by 25 cm deep) per treatment plot were dampened with 5 ml sterile distilled water and sealed in a petri dish along with six waxmoth larvae. After 7 d, larvae were removed from the soil and sealed individually in each of six conjoined plastic cells, then incubated as above. Larvae were inspected and dissected for nematode infection after 14 d. Treatment effects on percentage larvae infested with nematodes were examined using ANOVA ANOVA, SPSS 1993).
Results
Efficacy, Persistence, and Dispersal of Entomopathogenic Nematodes in Cranberry. Of the 34 weevils sampled from the experimental plots on 26 May, 11 were live larvae, 15 were live pupae, and eight were live teneral adults yet to emerge from the soil. Weevil abundance was reduced in treated compared with untreated plots regardless of stage, but treatments affects were signiÞcant only for larvae (Table  1) . No weevils were found in plots treated with S. glaseri.
Entomopathogenic nematodes were present in three of the 32 experimental plots before treatment, according to the waxmoth bait bioassay (Table 2) . At 1 d after treatment (1 DAT), percentage waxmoth infestation was proportional to both application rates of S. carpocapsae (1.3 percentage infested waxmoth larvae per IJ/cm 2 ), but the ratio of waxmoth infestation to application rate was nearly half that much (0.8) on soil from S. glaseri plots. At 30 DAT, percentage infestation declined by slightly more than half for waxmoth larvae in soils from S. carpocapsae treated plots (0.62 and 0.54 for 31 and 62 IJ/cm 2 , respectively) while percentage nematode infestation declined by 0.95 from 1Ð30 DAT for waxmoths on S. glaseri treated soils. At 60 DAT, percentage infestation of waxmoth baits was negligible and did not differ signiÞcantly among treatments.
Efficacy of Entomopathogenic Nematodes in Strawberry. In two separate trials, efÞcacy of S. carpocapsae, H. marelatus, and H. bacteriophora differed depending on the study site, the entomopathogen, and root weevil species and stage (Table 3) . At the Clark site, signiÞcantly fewer total black vine weevils were found in plots treated with H. marelatus and H. bacteriophora than in the untreated plots, but differences were not signiÞcant among stages. Strawberry root weevil pupae were signiÞcantly lower in plots treated with H. marelatus or S. carpocapsae, but none of the treatments signiÞcantly affected larvae or total strawberry root weevil. At the Baker site, black vine weevil pupae were signiÞcantly reduced in plots treated with S. carpocapsae or H. bacteriophora, but larval and total black vine weevils were not. Abundances of strawberry root weevil did not differ signiÞcantly among treatments regardless of weevil stage or species.
Efficacy and Persistence of Entomopathogenic Nematodes and Fungus in Red Raspberry. At both sites red raspberry sites, fewer black vine weevils were sampled in biopesticide treated plots than untreated plots, but treatment effects were not signiÞcant, regardless of weevil stage (Table 4 ). More root weevils were sampled at the DeVrieze red raspberry site than at Clark, but both populations were mostly black vine weevil pupae.
The portable sprayer used at DeVrieze did not affect nematode survivorship, at least not immediately. Concentrations of S. carpocapsae infective juveniles per milliliter (mean Ϯ SEM, n, where n ϭ number counts) before and after passage through pump and a double nozzle boom sprayer were 447.0 Ϯ 26.5, 17 ϩ 408.5 Ϯ 24.2, 20, respectively and did not differ signiÞcantly (t-test, P Ͻ 0.05). Nematode postspray concentrations did not differ signiÞcantly between the left and right nozzles (434.0 Ϯ 35.2, n ϭ 10) and 383.0 Ϯ 32.8, n ϭ 10), respectively). At Clark, average concentration of nematodes did not differ signiÞcantly among drip samples collected from emitters at 4, 8, 14, and 20 m from the injection site (F ϭ 0.739; df ϭ 3, 7). Furthermore, the concentration of infective juveniles at each distance except 14 m from injection was very consistent as measured by Fisher kurtosis ␥ Ϯ SE: 0.96 Ϯ 1.19, 0.01 Ϯ 1.01, Ϫ1.20 Ϯ 1.06, and 0.66 Ϯ 1.23, respectively.
Some strains of entomopathogenic nematodes persisted in the treatment plots for lengthy intervals, according to waxmoth bioassays (Fig. 1) . Over half of the waxmoth larvae placed on soil collected from the Bioxel7 (H. bacteriophora) plots at 15 and 35 DAT became infected by entomopathogenic nematodes. Percentage waxmoth mortality due to nematodes was lower in soil collected during July and August, after irrigation had been discontinued. Ten to twenty percent of waxmoth larvae placed on soil collected 134 d after treatment became infected with nematodes, indicating the reproduction (recycling) of successive generations of entomopathogenic nematodes within weevil larvae or other subterranean hosts. Lower percentages of nematode infection were observed among waxmoth larvae placed on soil from the untreated rows. Soil Temperatures. Maximum, minimum, and average soil temperatures varied both among and within study plots (Fig 2) . Temperatures were consistently above 14ЊC during and after application only at the cranberry site. Soil temperatures were below 14ЊC on the date of application and remained so for several subsequent weeks at the Baker strawberry Þeld and the DeVrieze red raspberry Þeld. Daily soil temperatures ßuctuated greatly at Clark throughout the study, so that maximum temperatures were well above 14ЊC on 8 May but minimum temperatures were much lower that night. Soil temperatures were not recorded at the Clark strawberry Þeld, but average daily temperatures were probably similar to those at the Clark or DeVrieze red raspberry Þeld.
Discussion
These demonstrations of rather moderate and variable efÞcacy were consistent with other studies of entomopathogenic nematodes against subterranean root weevils in small fruit crops of the PaciÞc Northwest. In 1986, H. bacteriophora [ϭheliothidis (Kahn, Brooks & Hirschmann) ] was applied at the same Grayland, WA, cranberry bog at a slightly higher rate (50 IJs/cm 2 ) and at an earlier date (8 April), than in the current study and levels of black vine weevil larvae and pupae were reduced by 76% (Shanks and Agudelo-Silva (Berry et al. 1997) . Trials of entomopathogenic nematodes have not been previously conducted against subterranean root weevils in red raspberry.
In the PaciÞc Northwest, the use and efÞcacy of entomopathogenic nematodes against subterranean root weevils have been hindered by a narrow window for application, as the pestsÕ development does not usually coincide with the warmer soil temperatures required for optimum nematode activity (Antonelli et al. 1999 , Berry et al. 1997 . Late instar larvae and pupae are generally the most vulnerable stages of subterranean insects to entomopathogenic nematodes (Kaya and Gaugler 1993) . Most black vine weevils and strawberry root weevils in the region overwinter as late instar larvae and pupate from late March into early May, when soil temperatures are still below 14ЊC, the Means in column at each site and for each weevil followed by the same letter are not signiÞcantly different (LSD; P Ͻ 0.05); NS, not signiÞcant (F-test; P Ͻ 0.05). Means in column at each site followed by the same letter are not signiÞcantly different (LSD; P Ͻ 0.05); NS, not signiÞcant (F-test; P Ͻ 0.05).
threshold level of activity of most commercialized strains of entomopathogenic nematodes (Gaugler and Georgis 1991) . Because root weevil development can continue at temperatures as low as 3ЊC (Smith 1932) , adults sometimes emerge before soil temperatures surpass that threshold. The Baker strawberry trials best exemplify this application timing predicament. Much of the black vine weevil population had metamorphosed to adults and most strawberry root weevils were vulnerable pupae when treatments were applied, yet average soil temperatures were still below 12ЊC. Thus, differences in phenology between weevil species can account for differences in the efÞcacy of entomopathogenic nematodes. Cool soil temperatures limited efÞcacy of entomopathogenic nematodes in previous studies Agudelo-Silva 1990, Berry et al. 1997) , and in all but one trial here. Soil temperatures at the cranberry bog surpassed 14ЊC within 2 d after treatment and remained high for the remainder of the season. Black vine weevil abundance was signiÞcantly reduced in all nematode treatments at that site.
H. marelatus is indigenous to the PaciÞc Northwest, better adapted to cool spring temperatures than species of temperate or sub-tropical origins, thus more effective at those temperatures (Liu and Berry 1995) .
H. marelatus has been demonstrated to be more active in the laboratory and more effective in the Þeld at cold temperatures than H. bacteriophora HP88 (Berry et al. 1997) . H. marelatus performed slightly, but not significantly better than other entomopathogenic nematodes at Baker, even though it was applied at a lower rate.
Other cool-adapted strains of entomopathogenic nematodes have been isolated and may have some potential as effective agents against root weevils in the PaciÞc Northwest. Four isolates of S. kraussei Steiner collected from high elevations in British Columbia and Alberta infected waxmoth larvae at 4ЊC (Mrác ek and Webster 1997) . Subsequent tests at low temperatures of two of these strains plus an isolate from the Czech Republic showed that the rate of infection and percentage mortality depended not only on strain and temperature, but also on inoculation rate and the target host (Mrác ek et al. 1998) . Another strain of S. kraussei (L 137) indigenous to the United Kingdom was substantially more effective than H. megidis Poinar against O. sulcatus, especially at 6ЊC against small larvae or pupae (Long et al. 2000) . At both 6 and 10ЊC, percentage mortality of large larvae was less than Þfteen for all nematode strains. These results suggest that fall applications of entomopathogenic nematodes against small black vine weevil larvae may be an acceptable alternative to the generally accepted spring timing.
Indeed, recent studies in other strawberry Þelds of northwest Washington showed fall applications of H. megidis and H. bacteriophora to be reasonably effective against root weevil larvae (Tanigoshi unpublished). Plots treated with H. bacteriophora at 25 IJs/cm in October had signiÞcantly fewer late instar black vine weevil plus strawberry root weevil larvae than the untreated control the following spring.
Aside from temperature, soil moisture and texture affect the ability of entomopathogenic nematodes to survive, disperse, Þnd, and infect hosts (Kaya 1990) . Although these factors were not directly measured, they probably did not overly affect efÞcacy results. Soil moisture was seasonally high at all sites during application and plots were always further moistened immediately before and after nematode application. However, irrigation was discontinued in the summer at the cranberry bog because it was no longer commercially managed, and at the red raspberry Þelds after harvest in keeping with normal commercial practices.
The seasonal recovery of entomopathogenic nematodes from treated soil; their ability to persist and "recycle," may reßect seasonal levels of soil moisture. Entomopathogenic nematodes were initially recovered from plots treated with S. carpocapsae at similar levels in this cranberry study as in a previous study at the same cranberry bog (Shanks and Agudelo-Silva 1990) , but nematodes persisted for a longer interval in 1990, when irrigation continued throughout the summer. At the Clark red raspberry site, entomopathogenic nematodes persisted for several weeks, but recovery declined during late summer, probably in response to lower soil moistures. Increased recovery in the fall was likely due to both increased soil moisture and the presence of root weevil or alternate "recycling" hosts.
EfÞcacy of entomopathogenic nematodes has also been linked to dispersal and predatory behaviors (Kaya and Gaugler 1993) . Superior dispersal ability by S. glaseri has been documented (Schroeder and Beavers 1987) and may account for that speciesÕ slightly better efÞcacy compared with S. carpocapsae at the cranberry site, although the low recovery of entomopathogenic nematodes from untreated soil adjacent to the treatment plots indicated limited dispersal by both species there.
The relationship of predatory strategy to overall efÞcacy was not readily apparent in these studies. Entomopathogenic nematodes, especially the heterorhabditids, actively seek prey by following trails of CO 2 and other host-elicited cues whereas the steinernematids are ambush or "sit and wait" predators (Kaya and Gaugler 1993) . The superior host-seeking behavior of H. bacteriophora (HP-88) has been cited as causing better efÞcacy (Kaya and Gaugler 1993) . Root weevil abundance was signiÞcantly lower in plots treated with H. bacteriophora (HP-88) than in plots treated with S. carpocapsae in only one of six comparisons (e.g., black vine weevil at Clark strawberries).
Plant developmental characteristics may reduce the potential of entomopathogenic nematodes in some crops. The dense foliage of mature strawberry plants may prevent entomopathogenic nematodes from entering the soil. Later instar root weevil larvae often bore into the underside of strawberry crowns, protecting themselves from even very active searching entomopathogenic nematodes.
A secondary objective of these studies was to compare different methods of nematode application. The temporary overhead dripline was an attempt to adapt commercial chemigation tactics to small plot trials in red raspberry. The technique was reasonably effective in that nematodes were applied with minimal effort in a healthy condition and uniform distribution. However, a more compatible nematode injector would have been more efÞcient, as application time with the Mini-dos/27 m system was 40 min per row. Application by small portable sprayer was considerably more time efÞcient and apparently did not affect survival or efÞcacy of infective juveniles. 
